pilEpsy affects between 0.5% and 1% of the population and starts in childhood in two-thirds of patients. Despite the introduction of new antiepileptic drugs (AEDs), 20%-35% of the epileptic population continues to suffer from refractory seizures. 36 Although surgery has been performed in the adult population for almost a century, 34 surgery for epilepsy in children and adolescents was only first described in the 1970s.
14,21
The highest incidence of epilepsy is observed in children in the first year of life; cortical dysplasia is the most common diagnosis in children undergoing epilepsy surgery. 22 Early surgical treatment in children with intractable epilepsy is expected to allow the healthy brain to recover and develop, without the child suffering from the consequences of continuous seizure activity. Better postoperative development outcomes have been noted in children under 3 years old, 30 and the likely explanations for these findings include greater neural plasticity of the brain at this age. 4, 15, 16, 20, 38, 39 Furthermore, there is evidence that AEDs have an ominous role in cognitive development, 6, 9, 24, 32 an effect that may add to the deleterious role of persistent seizures. 23 Despite recent publications on specific subpopulations of patients demonstrating that various procedures for refractory epilepsies are safe in very young patients, 7 the invasiveness of the procedure and potential complications of surgical interventions may discourage pediatricians and neuropediatricians from referring their patients for early surgery.
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In this paper we report the outcomes after epilepsy surgery in our pediatric population, with a special focus on the group of patients less than 3 years of age, compared with those older than 3 years. More specifically, we sought to determine whether seizure control was better and whether surgical complications were more frequent and severe in the younger group of patients.
methods study Population
The data were obtained from a retrospective analysis of 78 consecutive patients under 17 years of age who underwent epilepsy surgery at the Geneva University Hospital and Lausanne University Hospital between 1997 and 2012, which function together as a tertiary referral center.
Here, children with difficult-to-treat epilepsy are referred to the Presurgical Epilepsy Program at the Geneva University Hospital from different pediatric neurology centers in Switzerland. All patients involved in this study were first admitted for presurgical epilepsy evaluation. Typical investigations included: a review of the clinical history and a clinical examination performed by a pediatric neurologist; continuous video monitoring electroencephalography (EEG); radiological investigations including 3-T MRI, SPECT, and PET; and a neuropsychological assessment (performed on an age-dependent basis). Patients were then discussed in a multidisciplinary meeting, and the decision regarding therapeutic approaches was made consensually. Phase II investigations included the placement of subdural electrodes or stereotactically placed electrodes, or a combination of both. Patients implanted with electrodes were assessed with continuous video monitoring EEG to better characterize the primary source of epilepsy and its relation to eloquent areas. Follow-up included at least 1 visit to the tertiary referral center at around 6 months. We usually requested that children be examined 1 year postoperatively. Further follow-up was obtained through treating neuropediatricians who reported back to us.
Patients were dichotomized into 2 groups: infants (≤ 3 years of age) and children/adolescents (4-17 years of age). Surgeries were categorized into 3 types: 1) extratemporal resection, 2) temporal resection, and 3) functional hemispherotomies. Histopathological diagnosis was obtained from surgical specimens for all patients except 5, and analyzed in our pathology department.
outcome variables
Two outcomes were analyzed. The primary outcome was seizure status after surgery, according to Engel's classification of epilepsy outcomes. 19 The secondary outcome was medication reduction at follow-up. Medication reduction was defined as removal of at least 1 AED after surgery, which could also result in complete drug withdrawal. In addition, patients were divided into "high" medication intake (≥ 3 antiepileptic medications) and "low" medication intake (≤ 2 medications). Finally, we evaluated the percentage and type of surgical complications, defined as follows: transient hemiparesis, wound infection, cerebral edema, extradural hematoma, subdural hematoma, and intraparenchymatous hematoma.
statistical tests
Categorical data were analyzed using contingency tables and Fisher exact tests to test for differences, then presented using frequencies (e.g., n = "X") and percentages. Means and standard deviations (SDs) were used for continuous data. To measure the relationship of the main age category (infants and children) and outcomes, univariate logistic regression was used. Analyses were performed using Stata version 11.2 (Stata Corp.).
results
We included 78 patients, 38 females and 40 males, with a mean age of 8.2 ± 5.12 years at the time of surgery. Surgeries were performed on the left side in 42 cases and on the right side in 36 cases. The mean follow-up was 23.1 ± 23.52 months (range 6-96 months). Patients were stratified into 2 age groups, infants (≤ 3 years at the time of surgery, n = 19) and children/adolescents (≥ 4 years old, n = 59). Infants and children/adolescents were balanced across a range of potential confounders and therefore no multivariate modeling was necessary ( Table 1) .
type of surgery
Of the 3 different types of surgery evaluated here, 44% (n = 34) were extratemporal surgeries, 38% (n = 30) were temporal surgeries, and 18% (n = 14) were functional hemispherotomies.
Extratemporal surgeries included focal resections (23 patients), lobectomies (7 patients), temporoparietooccipital (TPO) disconnection (2 patients), hypothalamic disconnection (1 patient), and resection of a cerebellar lesion (1 patient). Temporal surgeries included standard lobectomies with amygdalohippocampectomy (22 patients), selective amygdalohippocampectomy (3 patients) but also focal temporal resections (5 patients). Functional hemispherotomies were performed on 14 patients. The proportion of the different types of surgeries was comparable between the 2 age groups (p > 0.99, Table 1 ).
histopathology
Histopathological diagnoses were obtained for 73 of 78 patients, 13 patients had cortical dysplasia, 12 had hippocampal sclerosis, 6 had tuberous sclerosis, 6 had gliosis, 6 others had strokes, and 6 were diagnosed with a dysembryoplastic neuroepithelial tumor (DNET). Together, cortical dysplasia and hippocampal sclerosis formed 32% of all causes of intractable epilepsy, and together they were by far the most common cause of pediatric intractable epilepsy in this study. Cortical dysplasia was the most common diagnosis (13 patients) occurring in 37% of infants, compared with 10% in children/adolescents (p < 0.05, chisquare test). The second most common diagnosis was hippocampal sclerosis (12 patients), and this was more common in children/adolescents (19%) than in infants (5%). Tuberous sclerosis was more common in infants (16%) compared with children/adolescents (5%). Hemimegalencephaly was found in 2 infants, and Rasmussen encephalitis was observed in 4 children/adolescents. One patient had a combination of a cortical dysplasia and hippocampal sclerosis. Rare diagnoses were hamartomas (1 case), NA = not applicable. * Patients were stratified into 2 groups: infants (≤ 3 years old) and children/adolescents (4-17 years old). The 2 groups are balanced across a range of potential cofounders; therefore no multivariate analysis modeling was indicated. Three main groups of surgery were identified: temporal, extratemporal, and hemispherotomies. These surgery groups were stratified according to age groups. Extratemporal surgery was more frequent in infants than children/adolescents.
Sturge-Weber (1 case), gangliocytoma (1 case), and telangiectasia (1 case; Table 1 ).
complications
The overall complication rate was 15.3% and included 5 patients with transient hemiparesis, 2 wound infections, 1 cerebral edema, 1 extradural hematoma, and 1 subdural hematoma. One patient developed a voluminous intraparenchymatous hematoma after hemispherotomy, and 1 patient developed a deep vein thrombosis after hemispherotomy. Due to rapid treatment (surgery in 3 patients), no permanent neurological side effect occurred. Of the 3 patients who required surgical treatment for their complications, only 1 was less than 3 years of age (1 year old). This patient developed an intraparenchymatous hematoma 48 hours after hemispherotomy for hemimegalencephaly. The 2 patients with the extradural and subdural hematoma were in the adolescent group, and the hematomas occurred after temporal lobectomy and frontal cortical resection, respectively.
Primary outcome: seizure-Free rate
After surgery, the overall seizure-free rate at the time of follow-up was 76.9%, with a seizure-free rate of 89.5% in infants and 72.9% in children (p = 0.33, Fisher exact test; Table 2 ). Binary logistic regression was used to assess the relationship between age category and seizure-free outcome, and we observed that children in the younger group were 2.76 times as likely to achieve a seizure-free outcome as children in the older group, despite wide confidence intervals (CIs) crossing 1 (odds ratio [OR] 2.76, 95% CI 0.56-13.39, p = 0.21).
The overall seizure-free rate was higher for patients undergoing surgery limited to the temporal lobe (86.7%), followed by patients with hemispherotomies (78.6%) and extratemporal surgeries (67.6%). We noted that all infants (n = 8) who received temporal resections or hemispherotomies were seizure free at follow-up ( Table 2) .
The outcome was better for extratemporal surgeries in infants (81.8% seizure-free rate) compared with children/adolescents (60.9% seizure-free rate, Table 2 ); however, this difference failed to reach significance (p = 0.43). Logistic regression in patients undergoing extratemporal surgeries only showed that infants in our series were 2.57 times as likely to have a seizure-free outcome as children/ adolescents, with a 95% CI that crosses 1, indicating imprecision or lack of significance (95% CI 0.44-14.96).
secondary outcome: aed usage
We also evaluated the number of AEDs used before and after surgery in our study. After epilepsy surgery, AEDs could be reduced (by at least 1 AED) in 67.9% of the patients, 19.2% had no change, and 5.1% needed a reinforcement of their AED. There was also no significant difference between the age groups (Table 3) . After surgery, only 11.4% of the patients received 2 or more AEDs compared with 43% before surgery (p < 0.0001; Table 4 ).
At the time of follow-up, a third of our patients (33.3%) had discontinued all their medication after surgery (Fig.  1) . The average number of medications reduced was 1.2 medications and was not significantly different across age groups (p = 0.80). On average, patients reduced their medications by 52%. Also, of the children who had high medication intakes (i.e., ≥ 3 AEDs), 75% (n = 24) changed to ≤ 2 AEDS. Overall, age, sex, and type of surgery did not impact the chance of patients reducing their medication use (Table 5 ). Of the children who had reduced their medication, 18% (n = 10) continued to have seizures. Similarly, 17% of children (n = 3) who kept the same medications continued to have seizures.
discussion
Our study suggests that children less than 3 years of age with intractable epilepsy undergoing surgery have an excellent response in terms of seizure control. Even though our comparison between infants and children/adolescents failed to reach significance, our analysis indicated a 2.76 times higher likelihood of infants becoming seizure free compared with older children. Other studies of patients undergoing epilepsy surgery in infants under 3 years of age, 4, 15, 16, 20, 38, 39, 41 with a total of 285 patients, showed similar results. Seizure-free outcomes ranging from 48% to 76.4% were reported. The outcome of our study (89.5% seizure-free rate) for children under 3 years of age who underwent operations is encouraging and suggests that prospective studies should be undertaken to obtain solid prognostic estimates in terms of surgical benefit. 16, 37, 38 Guidelines for standardized referral for surgery should be developed, and the fact that early surgery is safe and might be associated with better outcomes should be included in these guidelines.
Previous studies have provided a paucity of information about the reduction of AEDs after surgery. In a recent large retrospective study, 5 early withdrawal of AEDs did not lead to higher relapse rates or postoperative (new) chronic epilepsy, indicating that withdrawal should be envisaged soon after surgery. It has also been shown that reduction in AEDs contributes to improvement in psychomotor speed. 40 The effects on cognitive functions have been shown for several drugs (such as topiramate, valproate, and phenobarbital), 1, 18, 25, 42 and therefore if the patient is seizure free the maintenance of AEDs should be actively reevaluated by the treating pediatrician or neuropediatrician. At the time of follow-up, a third of the patients (33.3%) had discontinued their antiepileptic medication.
29
The majority of our patients (67.9%) reduced the number of antiepileptic medications after surgery by at least 1 AED. It is well established that antiepileptic medication has cognitive side effects in children and significantly impacts their quality of life.
2, 17 The reduction of the antiepileptic medication is therefore an important aspect to consider in pediatric patients, and even more so in early stages of development.
The most frequent pathology seen in our group of infants was cortical dysplasia (36.8%), which is the most common pathology associated with epilepsy in children (42%) 22 and often requires extratemporal surgery. In our study, the overall results for extratemporal surgeries (67.6% seizure free) are less satisfying than the results for temporal surgeries (86.7% seizure free), as has been described in almost all other studies. In a meta-analysis, 3 temporal lobe epilepsy surgery had better results than extratemporal surgeries, probably due to the heterogeneity of lesions in extratemporal surgeries and greater difficulties in appropriately targeting the extension of the epileptogenic zone. However, infants with extratemporal epilepsy showed a strong trend toward a better response to surgery (81.8% seizure-free rate) compared with older children (60.9% seizure-free rate), indicating that in the developing brain epileptogenic zones are more limited and can more often be completely removed. This is best shown in resection of cortical dysplasias that were more frequent in the infant group (37%) compared with the children/adolescents group (17%) but were treated with greater success in the youngest patients.
Hemispherotomies represented 18% of all the procedures performed in our patient group, and patients having received this procedure responded well to surgery with a 79% overall seizure-free rate. These results compare favorably with results elsewhere in the literature, 8, 11, 26, 31 which report seizure-free rates between 75% and 85% 35 after surgery, and long-term seizure-free rates of approximately 63% at 5 years. 33 When offering epilepsy surgery to very young patients, the fear of harm has to be well balanced against the benefits of the surgery. Our study shows that our complication rate (15.3%) corresponds to that described in other studies. 10, 27 Only in a minority of cases was the complication rate serious. The most frequent complication was a transient hemiparesis. No severe complication with irreversible neurological deficits occurred in this patient group. In our study, 3 patients needed appropriate surgery to deal with their complication.
The ongoing question that still needs to be answered despite this study is whether younger infants under the age of 3 are more at risk for serious surgical complications. In our study, the only major complication was an intraparenchymatous hemorrhage that became symptomatic 48 hours after hemispherotomy for hemimegalencephaly in a child of 10 months. These cases are known to be the most challenging for pediatric epilepsy neurosurgeons. 12, 13 In this particular case, venous bleeding through the whole surgery combined with an extremely narrowed surgical corridor to the deep brain structures led to disturbance of the clotting profile despite adequate transfusion of red cells and coagulation factors. Closure went uneventfully, but 2 days after surgery the conscious state of the child dropped, and the emergency CT scan showed an intraparenchymatous hemorrhage within the hemispherotomy disconnection site. The hematoma was promptly removed, and the child recovered with no new neurological complications. We believe that in specialized pediatric neurosurgical centers, complex epilepsy surgery in young infants is a worthwhile and safe approach, as recently shown also by other specialized teams. 28 Thus, epilepsy surgery in the youngest children, despite surgical challenges, has a very good risk-to-benefit ratio, provided that children receive a comprehensive workup in a specialized center.
conclusions
Our results confirm previous observations that, when indicated, early surgery in children less than 3 years old with refractory epilepsy is effective and safe. Our results, together with the results of previous studies, indicate that young age may be an important predictor of a good or excellent outcome. Prospective studies are needed and should focus on measuring the effect that age has on the benefits and risks of surgery. 
